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Abstract 
Applying Operational Modal Analysis (OMA) one can extract modal properties of structure (eigenfrequencies, eigenforms and 
modal damping) on the basis of vibration measurement only - without excitation measurement, what is very complicated in case 
of big structures. This great advantage of OMA makes this method more common for civil engineering application. The two main 
techniques are used in OMA, one uses data processing in time domain, the second in frequency domain. The paper presents the 
comparison of these two method in application OMA for engineering structures. 
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1. Introduction 
Nowadays architectural designing, due to more and more slender structures, force the dynamic analysis of those 
structures. Civil engineers have to apply apart from theoretical analysis, also some kind of experimental techniques. 
The basic one and the most frequently used in automotive industry is Experimental (or Classical) Modal Analysis 
(EMA). Applying EMA one has to measure the excitation of the structure. This is almost impossible with large civil 
engineering and make EMA useless for this type of application. Instead of EMA, Operational Modal Analysis  OMA 
could be employed. The biggest advantage of OMA is that there is no need of excitation measurement. Modal 
parameters (eigenfrequencies, eifgenforms, modal damping) could be estimated when the structure is excited by 
environmental (wind, water flow, etc.) or technology influences (traffic, pedestrian movement). The only one 
condition should be satisfied, the excitation may be treated as white noise. Using OMA applies two main types of 
algorithms: a time domain and frequency domain. Those two approaches are shortly presented and differences in 
results are discussed.  
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Nomenclature 
[  ]  matrix 
{  }  vector 
[  ] T,{  }T  matrix, vector transposition 
( ) *, [  ] *,{  }* complex conjugate of number, matrix , vector  
[  ] H,{  }H matrix, vector Hermitian transformation  
2. Theoretical background 
2.1. Assumptions 
OMA is derived from following assumptions: 
x system is linear, 
x properties of system do not change in time (time-invariant system), 
x system is excited by white noise, 
x measurements are done in such a way that give information for analysis (eg. position of measurement points 
allows to observe modes). 
Whereas, the first two assumptions are obvious, two last could be hard to satisfy. Assumption about white noise 
is still valid but as system could be excited by not “pure” white noise, the effect of OMA is identification of the 
structure itself, but identification of “combined-system”. Combined system consist of structure and excitation filter, 
forces acting on combined-system have the properties of white noise, but forces acting on the structure are filtered 
by excitation filter to the actual state. Filtered excitation is still stationary and broadband. In order to satisfy the last 
assumption, some information about the structure before measurement are needed. This leads to conclusion that, 
apart from basic structures, either some previous, pre-measurement analysis is needed or OMA should be applied in 
at least two steps. 
2.2. Frequency domain method 
The well-known equation of motion, written in matrix form is the starting point 
> @^ ` > @^ ` > @^ ` ^ `M ( ) C ( ) K ( ) f ( ) ,q t q t q t t       (1) 
where: [M], [C], [K] – denote: inertia, damping and stiffness matrices, respectively, while ^ ` ^ ` ^ `)(,)(,)( tqtqtq   
denote acceleration, velocity and displacement vectors, respectively, also ^ `)f(t  is a vector of external excitation. 
For any structure (for which the assumptions are fulfilled) the relationship between input {f(t)} and output {y(t)} is 
described by equation, [1], [2]: 
> @ > @> @* TffG (jȦ) H(jȦ) G (jȦ) H(jȦ) ,yyª º ¬ ¼   (2) 
where: [Gff(jZ)] [Gyy(jZ)] are the power spectral density matrices of input and output signal, respectively. The 
subscript yy denotes output to signalize that number of measuring point could be different from number of degrees 
of freedom, jZ – frequency, [H(jZ)] – frequency response function (FRF) matrix could be written in form (used also 
in classical modal analysis: 
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> @ ^ `^ `TR ,i i iu D   (4) 
where^ `iu  is eigenvector corresponding to the i-th eigenfrequency, ^ `iD is modal participation vector. 
After transformation, matrix [G] could be rewritten in form: 
 > @ > @ > @ > @ > @¦
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Matrix Gff(jȦ) on the basis of white noise excitation is a constant matrix; it does not depend on frequency; Gff(jȦ) = 
Gff, using that residue matrix is equal to: 
> @ > @> @> @
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For structures with small damping 
> @ > @> @> @ ^ `^ ` > @^ `^ ` ^ `^ `T T T TA R G R G ,i i xx i i i xx i i i i iu q q u d u u|    (7) 
where di – constant. The PSD matrix gets final form 
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where summing is valid only for those modes, which contribute the most at the particular frequency (practically no 
more than two components are taking into account). The matrix could be decomposed with use of the SVD 
technique (Singular Value Decomposition): 
  > @> @> @HG jȦ S .yy i i i iª º  ) )¬ ¼   (9) 
Matrix [Si] is a diagonal matrix of singular values; subscript “i” denotes decomposition for particular frequency. 
From this matrix eigenfrequencies could be obtained. [)i] is the unit matrix containing vectors proportional to 
eigenvectors. 
2.3. Time-domain method 
Equation of motion (1) could be rewritten in state subspace [1]: 
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Vector ^ )`(tx is a state vector, ^ )`(ty  – response vector, which is measured, dimensions of these vector differ. 
Excitation vector is denoted by^ )`(tu . [A], [B], [C], [D] – are the state, input, output and transmission matrix, 
respectively. Description in continuous time could be changed into discrete time points (it corresponds to modern 
techniques of measurements). Taking into account inevitable system noise ^ )`(kw and measurement noise ^ )`(kv  
one gets: 
 ^ ` > @  ^ ` > @  ^ `  ^ `
 ^ ` > @  ^ ` > @  ^ `  ^ `
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  (11) 
In the  case of white noise excitation, state vector could be estimated in form: 
 ^ ` > @  ^ ` > @  ^ `
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^ ` 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ˆC ,
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  (12) 
where [E] is the Kalman gain matrix and {e(k)} is innovation vector. Matrices [A] and [C] could be estimated on the 
basis of response measurement only {y(t)}, and from decomposition of state matrix [A] modal parameter could be 
obtained from relation: 
> @> @> @ > @/ << A1   (13) 
where / is a diagonal matrix of eigenvalues of A, and <-1, < is the left and right eigenvector matrices of A. 
3. Example – OMA of Sky Tower building 
The construction of “Sky Tower” building was finished in 2012, at that time it was the tallest building in Poland. 
“Sky Tower” consist of three main parts (Fig. 1): 
x 3-storey bedplate with shops and service workshops in it, 
x 19-storey sail with offices and apartments in it, 
x 30-storey tower with offices and apartments in it. 
Measurements were performed during the final stage of finishing works (plaster works, inside painting, etc.). 
Fifteen accelerations in horizontal directions were recorded. Three seismic accelerometers type 8430 Bruel&Kjaer 
were mounted at each level chosen for measurement. Three pieces of information allow to identify storey 
movement, as a stiff plate movement.  
 
  
Fig. 1. Sky Tower building in Wroclaw, geometrical model of tower, OMA model. 
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The accelerometers were placed at five storeys of tower part: level + 87.04 m (XX storey), level + 116.96 m 
(XXVIII storey), level + 139.40 m (XXXIV storey), level + 161.84 m (XL storey), level + 184.28 m (XLIV storey). 
The transducers were mounted in the central part of building formed by lifts’ walls and staircases’ walls.Only 
horizontal accelerations were measured, at each level, two in the direction of the shorter axis of ellipse and one in 
the direction of the longer axis of ellipse created by the storey contour. Schematic position of accelerometers is 
shown in Fig. 1, where dotted line denotes the contour of the tower, dashed line - lifts and staircases stem and 
continuous line denotes geometrical model for OMA, which is also shown in Fig. 1. 
The measurements were done in order to perform OMA – so long time-history, 60 minutes, was recorded. 
Recording time was relatively short in comparison to cable connecting of all measuring points. Connecting and 
disconnecting measurement system had lasted one day. The recorded files were analyzed with use of OMA software 
by SVS [3]. Seven eigenfrequencies and eigenshapes (modes) were found in bandwidth up to 2.56 Hz.  
It is worth to lay emphasis that OMA is not one step analysis, e.g. some modes were recognized as the same 
because of very close eigenfrequency and because of high value of MAC (over 0.9). The example of OMA for Sky 
Tower is spectacular because in the mentioned bandwidth only half of modes were found with use of frequency-
domain algorithm. List of identified frequencies and fractions of critical damping is presented in Table 1.  
Table 1. List of identified modal parameters. 
Mode 
number 
Type of analysis  Frequency 
[Hz] 
Damping ratio 
[%] 
Difference in 
frequencies [%]
Difference in 
damping [%] 
MAC 
[-] 
1 time-domain 0.3105 0.534 — — — 
2a time-domain 0.3822 0.650 1.86 112 0.9864 
2b frequency-domain 0.3893 1.381 
3a time-domain 0.6425 0.982 0.23 48.5 0.9883 
3b frequency-domain 0.6440 0.661 
4 time-domain 1.175 1.605 — — — 
5a time-domain 1.540 1.875 0.06 33.6 0.9964 
5b frequency-domain 1.539 1.403 
6a time-domain 1.613 1.390 0.06 149 0.7490 
6b frequency-domain 1.614 0.557 
7 time-domain 2.053 1.640 — — — 
 
 
Fig. 2 From left to right: eigenshape no 1 (0.31 Hz), eigenshape no 2 (0.38 Hz), eigenshape no 3 (0.64 Hz). 
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Fig. 3 From left to right: eigenshape no 4 (1.18 Hz), eigenshape no 5 (1.54 Hz), eigenshape no 6 (1.61 Hz). 
The identified eigenshapes are consistent with eigenshapes obtained from simplified bar-structure analysis. 
Eigenmodes no 1 and 2 are the first bending mode, one in the direction of the weakest, the second in the direction of 
the strongest momentum of inertia. Eigenmodes no 3 and 6 are the first and second torsional mode, eigenshape no 4 
is the second bending mode and no 5 is the first mixed mode. 
4. Conclusions 
OMA with use of algorithm in time domain gives more reasonable results than with use of algorithm in 
frequency domain. The result of OMA described above was obtained with excluding one measuring signal (Signal 
23 from level + 161.84 m, red arrow in Fig. 1), when all signals were analysed only one mode was identified with 
use of frequency-domain technique. Signal 23 was excluded after eigenshapes’ analysis, it was the signal which 
made eigenshapes less smooth. This signal was probably measured with higher noise than other signals, what leads 
to conclusion that frequency domain algorithms are more sensitive to noise. 
Frequency domain algorithms operate on signals which are transformed (into frequency domain), whereas the 
time domain algorithms on original (measured) signal, it could be the second reason of better efficiency of time 
domain algorithms. 
Based on the Sky Tower example, as well as on other analysis made by author, it could be stated that the lower 
frequency the greater advantages of time-domain techniques. That could be caused by properties of Fourier 
transform, in low frequencies having long time-history is crucial for proper resolution in frequencies. 
Recommendation of recording time bigger than 1000T (T – the period of the lowest eigenfrequency) is good for time 
domain algorithms, for frequency domain algorithms better recommendation is 2000 T. 
References 
[1]  M. Batel, Operational Modal Analysis – Another Way of Doing Modal Testing, Sound and Vibration, August 2002, pp. 22-27. 
[2] R. Brincker, L. Zhang, P. Andersen, Modal Identification from Ambient Responses using Frequency Domain Decomposition, Proceedings of 
the 18th International Modal Analysis Conference (IMAC), San Antonio, Texas,2000, pp.625-630. 
[3] Operational Modal Analysis 5.2, Structural Vibration Solution A/S, on-line help 
